Since 1992, the Speech Recognition in Noise Test, or SPRINT, has been the standard speech-in-noise test for assessing auditory fitness-for-duty of US Army Soldiers with hearing loss. The original SPRINT test consisted of 200 monosyllabic words presented at a Signal-to-Noise Ratio (SNR) of þ9 dB in the presence of a six-talker babble noise. Normative data for the test was collected on 319 hearing impaired Soldiers, and a procedure for making recommendations about the disposition of military personnel on the basis of their SPRINT score and their years of experience was developed and implemented as part of US Army policy. In 2013, a new 100-word version of the test was developed that eliminated words that were either too easy or too hard to make meaningful distinctions among hearing impaired listeners. This paper describes the development of the original 200-word SPRINT test, along with a description of the procedure used to reduce the 200-word test to 100 words and the results of a validation study conducted to evaluate how well the shortened 100-word test is able to capture the results from the full 200-word version of the SPRINT.
Introduction
Despite the existence of an extensive hearing conservation program within the Department of Defense, noise-induced hearing loss remains a significant health hazard to US Service Members. Consequently, it is considered a major component of military readiness to monitor the hearing health of Service Members and ensure that individuals within the military are able to hear effectively enough to complete their assigned duties. Within the US Army, hearing is included as part of their Military Physical Profile Serial System (PUHLES). This system classifies a service member's hearing profile as an H1, H2, H3, or H4 depending on their level of hearing impairment. The first two profiles in the PUHLES system are effectively defined entirely by the audiogram. Within the US Army, the H1 profile, which is essentially the "normal hearing" profile, is assigned to soldiers with an audiometer average level for each ear not more than 25 dB at 500, 1000, and 2000 Hz (with no individual level greater than 30 dB), and an audiometer level not over 45 dB at 4000 Hz. The H2 profile is assigned to solders with an audiometer average level for each ear not more than 30 dB at 500, 1000, 2000 Hz (with no individual level greater than 35 dB), and an audiometer level not more than 55 dB at 4000 Hz; or audiometer level 30 dB at 500 Hz, 25 dB at 1000 and 2000 Hz, and 35 dB at 4000 Hz in better ear. Note that the poorer ear may be deaf in a listener with an H2 profile.
Once a Soldier's audiometric thresholds exceed the maximum levels allowed by the H2 profile, he or she will be assigned an H3 profile, which may trigger a requirement for a Military Administrative Retention Review (MAR2). The MAR2 is the process used to make a decision about whether to retain, reclassify, or separate a soldier with a medical condition from active duty, ostensibly on the basis of the soldier's ability to perform his/her duties. Although the ultimate decision on the disposition of a hearing-impaired Soldier is made by a Medical Review Board, a very important component of this decision is the recommendation made by the audiologist responsible for the hearing evaluation of the Soldier. Prior to 1992, this recommendation, and the combination of clinical tests used to develop this recommendation, was largely left to the discretion of the individual audiologist writing the hearing profile. This placed a great burden on military audiologists, who only had access to very limited information on how to evaluate whether a Soldier's hearing impairment was sufficient to warrant a change in duty status. Also, it was clear from both the observations of military audiologists and from fitness reports provided by the peers and superior officers of hearing impaired Soldiers that individuals who were classified as H3 and had similar audiometric thresholds could vary considerably in terms of their ability to perform their mission. As a result, there were serious concerns among Army audiologists, as well as local commanders, that some soldiers were being unnecessarily reclassified or separated from the Army, while others were being retained in assignments where their hearing loss might jeopardize their ability to accomplish their missions.
Speech communication is widely viewed as a critical task that needs to be tested to establish the fitness-for-duty of hearingimpaired military personnel (California P.O.S.T., 2001; Rao and Letowski, 2006; Bevis et al., 2014; Tufts et al., 2009; Keller et al., 2016) . Although many soldiers with H3 profiles experience little difficulty in favorable communication situations, there is great inter-subject variability in the amount of difficulty experienced by these soldiers when communicating in noisy listening environments such as in combat training or on the battlefield. The degree of communication difficulty experienced by an individual soldier cannot be predicted accurately from traditional clinical audiometric measures such as pure-tone thresholds or speech recognition in quiet. Thus, there was a need for a clinical test that evaluated speech recognition ability in noise and had greater validity predicting communication handicaps that would impinge on mission accomplishment.
In order to address this need, researchers at the Army Audiology and Speech Center at Walter Reed Army Medical Center (WRAMC) set out to develop a standardized clinical test of speech recognition in noise that could easily be implemented by Army audiologists. It was hoped that this test could be used to provide medical evaluation boards higher quality information than just the audiogram regarding a hearing-impaired soldier's potential communication handicap on the job, and that the information provided would allow medical review boards to make more informed and equitable decisions regarding an individual soldier's fitness for duty.
Development of the 200-word SPRINT test
In the design of the SPRINT test, the primary goal was to develop a test that would be relatively easy for normal hearing listeners, but that would make it possible to distinguish between hearing impaired listeners with varying levels of ability to understand speech in background noise. Thus, a decision was made to base the test on a pre-existing set of well-known speech materials and to present those words in multitalker speech babble at a relatively high SNR value that was expected to result in a high level of performance for most normal hearing listeners.
Material and methods
The SPeech Recognition in Noise Test (SPRINT) consists of 200 monosyllabic words (Form C of the NU-6 lists) presented in a prerecorded background of six-talker multi-talker babble noise. The speech-to-babble ratio (þ9 dB) was selected in an attempt to develop a stimulus that would be relatively easy for normalhearing listeners, but that would generate a wide range of variability in the performance of hearing impaired listeners with H3 profiles. The SPRINT test is divided into four 50-words lists, with each list recorded on a separate track of an audio CD, and a separate calibration track that can be used to set the presentation level of the speech. Audiologists administering the test are told to set the audiometer to present the stimuli diotically, and to use the calibration tone to ensure the target speech stimuli are presented at 50 dB HL in each ear. The patient taking the test is given the following instructions: "You will be hearing a tape recording of a man's voice saying some words. In the background, there will be the sound of several people talking at once. I want you to repeat back the words that the man is saying. Some of the words may be difficult for you to hear. If you're not sure what the word is, take a guess. There are 4 lists containing 50 words each for a total of 200 words. This will take about 20 minutes. You will be hearing the words and the background talk in both earphones."
The audiologist then scores these 200 words manually, using a paper scoresheet. They are instructed to encourage patients to guess, but only to count the first word stated if a patient gives more than one alternative possibility for the identity of a word (i.e. it was either "map" or "mat"). The raw score on the SPRINT is simply the number of words the patient correctly identified in the 200-word list.
Validation
The þ9 dB SNR used in the SPRINT test was intended to produce a test that would produce near ceiling performance for normal hearing listeners (95e100%) but would pose difficulty for hearing impaired listeners. Also, because the DoD hearing standard at the time defined an audiogram-based trigger to determine who would be required to undergo a fitness-for-duty test, their main goal was to find a test that could distinguish between hearing impaired listeners with good or bad speech recognition scores, rather than to find a test that could distinguish between normal and hearing impaired listeners on the basis of their speech perception ability. Consequently, they focused their initial validation primarily on H3 listeners. Over the course of this validation, a total of 319 soldiers with H-3 profiles were tested at 12 different Army audiology clinics within the Continental United States. The data obtained were sent to Walter Reed to be compiled and analyzed. Initially, the data from the 12 test sites were compared to determine if systematic differences existed among the test facilities. An analysis of variance indicated no significant differences. Consequently, data were pooled for all subsequent analyses. The mean score for the 319 soldiers was 163 (out of a possible 200) with a range of 65e196 words correct. These scores were then used to determine percentile scores for the SPRINT Test on H3 Soldiers, as indicated in Table 1 . 
Interpretation and recommendations
The percentile score derived from the Soldier's raw score on the H-3 is an indicator of how they compared with all other soldiers in the Army with H-3 profiles at the time the test was validated. This is useful information, but it was not deemed to be sufficient to make a recommendation to a medical board related to that Soldier's fitness-for-duty. Rather, a decision was made to consider years of service as a secondary factor for making recommendations about the disposition of hearing impaired soldiers, with greater tolerance for hearing loss for soldiers with more experience in the Army. This resulted in the nomogram shown in Fig. 1 . When a recommendation is made using the nomogram, the raw SPRINT score is used to determine one of the 13 SPRINT Performance Categories from Table 1 , and this performance level is then cross indexed with years of military service in order to identified one of the labeled regions (A-E) associated with the recommendation.
According to Army Regulations (AR40-501), Soldiers who fall in each region should be given the following recommendations: Note that we have introduced the term "performance category" as a somewhat arbitrary way of distinguishing the 13 different levels of performance on the SPRINT that could, depending on years of service, result in a change in recommendation in the nomogram in Fig. 1 (i.e. these 13 categories correspond to the location of a vertical dashed line on the boundary of one of the five "recommendation regions" in the figure). In the original SPRINT guidelines, these performance categories were directly linked to percentile scores based on the sample of 319 H3 listeners used in the original validation, as indicated in the first column of Table 1 . A lookup table was provided for converting the raw score into a percentile score, and the boundaries on the nomogram were indexed directly by these percentile scores. However, because these percentile boundaries were defined based on a single snapshot of hearing impaired listeners in the military in 1992, the actual percentile value associated with each of these indexes shifted as the population of the military changed (and presumably as some individuals who scored badly on the SPRINT were separated from service). Consequently, the use of the term "percentile" began to become somewhat misleading, because it didn't really represent a percentile score on the military population. Thus, we have renamed the percentile ranges as "performance categories" and assigned each category a range of raw scores on the 200-word SPRINT to indicate that the categories in the current Army standard (AR40-501) represent absolute performance levels rather than relative performance levels within the population of active duty soldiers with H3 profiles.
Evaluation of test-retest reliability
As part of the validation of the SPRINT test, 30 of the Soldiers from the original sample of 319 used to develop the test were given the SPRINT a second time, several weeks after the first administration. The mean score for the initial administration of the SPRINT in this group was 164.6 words correct (S.D. ¼ 15.46), and the mean score for the retest was 166.8 words correct (S.D. ¼ 14.21). A product-moment correlation coefficient of 0.93 (p < 0.01) indicates a strong positive association between the test and retest scores. Note that, although the increase in performance that occurred in the second administration of the test was not statistically significant at the p < 0.05 level, the designers of the test did caution that familiarity with the words could lead to an improvement in performance. Thus, they suggest that recommendations using the SPRINT should, wherever possible, be made based on the first administration of the test.
Other evaluations of the 200-word SPRINT test
In 2008, Wilson and Cates evaluated the SPRINT test on 24 young normal and 48 older hearing impaired listeners and compared the results to those obtained with the Words-in-Noise Test (WIN), which is a speech-in-noise test developed after the SPRINT that uses similar speech materials (NU6) but presents stimuli at multiple SNRs rather than at a single SNR. The young normal listeners scored an average of 92.5% correct on the SPRINT test, and the older hearing impaired listeners scores an average of 65.3% correct. They found that the scores on SPRINT and the WIN were significantly correlated (r ¼ À0.81, p < 0.01).
Reduction of the SPRINT from 200 words to 100 words
Although the 200-word SPRINT was used very successfully for many years, military audiologists continued to express concern about the length of the test, which typically took about 20 min to administer to a patient. In order to address this concern, researchers at Walter Reed again initiated a study to determine if a shorter version of the test could be developed that would be equally accurate in terms of its ability to distinguish between the SPRINT performance categories shown in Table 1 and Fig. 1. 
Material and methods
This analysis was performed by examining the word-by-word responses from a total of 340 SPRINT scoresheets, which were collected from two sources. 196 of the SPRINT scoresheets were obtained from an IRB-approved retrospective protocol that allowed the analysis of SPRINT results from clinical audiological examinations performed at Walter Reed or at other military audiology 
Individual word analysis
The first analysis performed on the SPRINT results was an evaluation of the relative difficulties of the individual words contained in the test. The results of his analysis are shown in Table 2 , which shows the percent correct score for each of the 200 words in the SPRINT rank ordered from the hardest to the easiest. From these results, it is apparent that there are 8 words in the SPRINT that are substantially harder than the other words in the test. These words, which are shown in italics in the table, each produced less than 62% correct responses. In contrast, there are 93 words in the SPRINT (labeled 108e200) that each produced at least 90% correct responses across the 340 listeners in the database.
3.2.1. Determining the optimal subset of trials for shortened test The individual word scores were then used to test how efficiently different subsets of words selected from the full test might be able to predict the performance of an individual subject in the full 200-word SPRINT. Four different types of subsets of N words were evaluated. The first subset consisted simply of the N most difficult words in the SPRINT. The second consisted of the N easiest words in the SPRINT. The third was a randomly-selected subset of N words. The fourth was a subset of N words selected in the same order used in the original SPRINT test. The last type of subset consisted of the N most difficult words after excluding the eight words with extraordinarily poor performance shown in italics in Table 2 . The efficiency of each of these five types of subsets was evaluated for all subset sizes N from 2 to 198 words with the following procedure: For each subset N, an optimum set of 12 cutoff values corresponding to the 13 SPRINT performance categories in Table 1 was determined, and these cutoff values were used to categorize each of the 340 listeners in the database into one of the 13 distinct performance levels on the basis of their responses to the subset of N words. Then the correlation coefficient between the performance level determined with the subset of N words and the performance level determined with the full SPRINT was determined. These correlation coefficients are shown as a function of set size in Fig. 2 . From this Figure, it is apparent that some strategies for selecting subsets of words were much more efficient than others in terms of their ability to predict performance on the full SPRINT. A comparison between the solid red and dotted magenta lines in the figure shows that the "easiest" words in the SPRINT test were much less effective at predicting overall performance than the "hardest" words. In general, however, the most efficient strategy of selecting a subset of words from the SPRINT test was to include the words in order of increasing difficulty after excluding the eight most difficult words in the set (solid blue line). This strategy produced a subset of words that predicted the performance level an individual would achieve on the full SPRINT test with a correlation coefficient of 0.96 with a subset size of 60 words, and 0.978 with subset size of 100 words.
Determining the minimum number of trials required
From the analysis in Fig. 2 , it is apparent that the strategy of excluding the most difficult eight words and including the remaining words in order of decreasing difficulty is the most efficient method of those tested for selecting test items for a downsized SPRINT test. With this information in hand, the next step in developing a shortened version of the SPRINT test is to determine how many words need to be retained in order to maintain an acceptable level of accuracy in classifying hearing impaired listeners according to the SPRINT performance categories outlined in the nomogram in Fig. 1 . The curves shown in Fig. 3 show two different calculations of the estimated classification error that might be expected to occur due to the use of a shortened test. In each case, the calculations were made by simulating 50 retests for each of the 340 listeners, with the assumption that the probability of being correct on each retest of a particular word is a defined by a random Bernoulli variable with a mean value defined by the mean score obtained by that subject on the overall 200-word test.
The first calculation, shown in the left panel of Fig. 3 , shows the expected correlation between repeated measures of the same test on the same listener. The second calculation, shown in the right panel of Fig. 3 , shows the mean absolute difference in SPRINT Performance Category (the values 1e13 shown in the right column of Table 1 ) that would be expected across repeated administration of the test to the same listener. In both cases the dashed black line shows the same estimate made for the full 200 word test. The data in the range from N ¼ 140 to N ¼ 180 shows that the shortened test actually performed better than the full 200-word test in terms of test/retest reliability. This somewhat counterintuitive result occurs because the additional words in the 200 word test are words that are so easy or so difficult that they are effectively uncorrelated with performance on the full 200-word test. These words add variability to the 200 word test without providing any useful information about the hearing performance of the listener.
Both panels of Fig. 3 suggest that test-retest reliability comparable to the 200-word SPRINT can be obtained by using a test containing only the 100 words selected using the strategy that eliminated the 8 hardest words and selected the most difficult 100 words from the remaining set. These 100 words are shown in Bold in Table 2 .
Estimating 200-word SPRINT performance from 100-word test
The final step in defining the shortened version of the SPRINT test is to determine the appropriate cutoff values for using the scores on the test to assign H3 listeners to 13 possible SPRINT performance categories shown in Table 1 and in the nomogram in Fig. 1. Fig. 4 shows the relationship between individual scores on the 100-word test and individual scores on the 200-word test. Note that the transformation from the 100-word score to the 200-word score is not a simple linear transformation. Because the easiest words have been removed, the percentage score on the 100-word test is generally lower than the corresponding score on the 200-word test.
The horizontal red lines in the boxes in Fig. 4 show the 13 different performance categories for the 200-word SPRINT, as defined in Table 1 , and the vertical red lines in Fig. 4 show the "optimal" cutoff boundaries for the 100-word SPRINT that minimized the mean performance category classification errors for the 200-word test. These optimal cutoff values are shown in the last column of Table 1 . The curve Fig. 4 shows a second-order polynomial fit of the 200-word scores to the 100-word scores. This curve generally shows very good agreement with the optimal cutoff boundaries. Although there is no need within the current Army Regulation (AR40-501) to convert between the 100-word and 200-word scores, in cases where there is a desire to do so for historical reasons this transformation can be made using Table 3 . This table shows the estimated 200-word score and the corresponding 200-word percentile (from the original sample of 319 H-3 listeners used to develop the SPRINT) associated with each possible score on the 100-word SPRINT. These values are generally taken from the 2nd order polynomial curve shown in Fig. 4 , but in cases where there were small discrepancies between the polynomial fit and the optimal boundary categories the optimal categories have been used. 
Adoption of 100-word SPRINT as alternative to 200-word SPRINT
On the bases of these analyses, an executive decision was made to make the 100-word SPRINT an acceptable alternative to the 200-word SPRINT for military audiologists doing fitness-for-duty evaluations on US Army personnel. This was made official in an All Army Action (ALARCT) message dated February 20, 2013. The modified test has been distributed to military audiologists on a CD that contains the original SPRINT test as well as eight audio tracks each containing a version of the 100-word test with a different random word order. The CD also includes a version of the Nomogram in Fig. 1 
Comparison of the 100-word versus 200-word SPRINT in a population of recently-separated Veterans
One consequence of the rapid adoption of the 100-word SPRINT was an immediate reduction in the number of Service Members taking the 200 word-test and, consequently, a dramatic reduction in the number of subjects who could be used to make additional comparisons between the scores on the 100-word and 200-word SPRINT lists. However, because the entire available data set was used to develop the 100-word version of the test, there is utility in knowing whether the transformations between the 100 and 200 word versions of the test shown in Table 4 would remain valid on an independent data set of listeners not included in the original analysis. Fortunately, the data collected in a recent VA study that included the full 200-word SPRINT test provides an opportunity for an additional validation of the 100-word test. In this study, recently-separated Veterans (as confirmed by a DD-214 active service discharge form or an NGB 22 National Guard discharge form) are participating in a longitudinal test of hearing function that includes the 200-word version of the SPRINT test as one of its measures. This sub-study was approved by the VA Portland Health Care System/Oregon Health and Science University Joint Institutional Review Board.
Material and methods
As part of their initial assessment for the study, 100 Veterans were evaluated with a comprehensive battery of baseline testing that included multiple questionnaires and several audiologic tests. As part of these evaluations, the SPRINT was administered through an audiometer under earphones as described in Section 2.1. Results obtained from the original 200-word SPRINT test were re-scored using only the 100-words that comprise the 100-word shortened version of the SPRINT test. These new "raw scores" were used to find the 200-word equivalent based on the conversion scores in Table 4 . Fig. 5 shows the 100-word and 200-word scores of the 100 participants in the validation experiment, plotted on top of the scores from the 319 participants from the original experiment shown in Fig. 4 . A Pearson Product-Moment correlation was also calculated between 200-word scores of these participants and the equivalent 200-word scores estimated from their 100-word scores using Table 4 . This analysis resulted in a correlation coefficient of 0.96 (p 0.0001). These results appear to confirm that the transformation between the 100-word and 200-word scores shown in Table 4 can be generalized to other populations of listeners.
Results

Statistical analysis
Conclusions and future directions
In this paper, we have outlined the history of the Speech Reception in Noise Test (SPRINT), from its genesis as a 200-word test in 1992 through its modification into a 100-word test in 2013. The test has now been in use within the Army for almost 25 years, and many thousands of hearing-impaired Soldiers have now been tested with the SPRINT test. The intent of the SPRINT test was to produce a speech perception test that was capable of distinguishing hearing impaired listeners with relatively poor speech intelligibility in noise from those with poor speech perception performance. In this regard, the SPRINT was successful. However, the 20-min length of the test was considered to be cumbersome, and a further analysis of the SPRINT determined that many of its 200 words were either too easy or too difficult to make a meaningful contribution to the overall score on the test. Thus, a 100 word version was developed that substantially reduced the time required to administer the SPRINT with no significant decrease in sensitivity.
Work is now underway to develop new auditory fitness-forduty standards for the military. This new standard will almost 2  20  131e147  54e63  3  30  148e157  64e70  4  40  158e162  71e73  5  50  163e167  74e77  6  60  168e172  78e80  7  65  173e174  81e82  8  70  175  83  9  75  176e178  84e85  10  85  179e182  86e88  11  90  183e184  89  12  95  185  90  13  >95  >185  >90 certainly include a speech-in-noise test. However, it is unlikely that the SPRINT will be included in that standard, because of two major shortcomings. First, because the SPRINT is an open-set test, it requires patients to use a verbal response on each trial and an audiologist to manually transcribe and score each word. Modern technology has made it much more feasible to use automated scoring systems that would allow patients to use an electronic interface to select the response word on this trial. This will require the use of a closed set test, where the listener selects the response word from a list of options. A second shortcoming of the SPRINT is that the limited 100-word response set makes it possible to learn the perform better on the test simply by memorizing the word list. Closed set tests would also make it less likely that learning effects would contaminate the results of the test, even it if administered multiple times on the same listener.
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